Multiple studies have suggested that children born through the use of assisted reproductive technologies (ART) are at increased risk for disorders caused by epigenetic changes at certain genes. A new study in mice, however, should provide some reassurance; it suggests that such epigenetic changes are not readily passed on to the next generation.
Disorders found to be more prevalent in children born by ART include Angelman syndrome, a neurological disorder, and BeckwithWiedemann syndrome, characterized by large body size. The genes underlying such disorders are normally expressed only from the maternal or paternal allele, a pattern of regulation known as imprinting that is set up during formation of the male and female germ cells through methylation. For instance, H19, the gene behind BeckwithWiedemann syndrome, is normally highly methylated in sperm DNA, but not in oocyte DNA, and in somatic cells the gene is expressed only from the maternal allele. Imprinting can go awry during ART, leading to aberrant expression in offspring from the maternal or paternal allele.
Eric de Waal et al. were interested in whether aberrant patterns of DNA imprinting would also affect the offspring of mice conceived by ART. They first examined three imprinted genes, H19, Snrpn, and Peg3, in six mice derived by intracytoplasmic sperm injection. None of the six mice had any apparent defects and developed normally, but their genomes were not quite right.
Each of the three males had aberrant methylation patterns in at least one of the imprinted genes; for instance, one male had a substantial reduction in methylation of H19 on the paternal allele, leading to aberrantly high expression of H19 in various tissues. Two of the female mice showed abnormal expression levels of one gene, suggesting that imprinting did not occur properly, although the specific DNA regions examined showed no aberrant methylation pattern.
The researchers next examined the offspring of these six mice. The offspring had normal methylation patterns on each of the six genes and showed normal expression levels of the genes in their tissues. The researchers provide evidence that proper methylation patterns were reestablished during spermatogenesis, a corrective process that may also occur during oogenesis.
The researchers caution that their sample size is limited and some other studies have suggested that epigenetic changes can be inherited. Nonetheless, their findings suggest that the risk of passing on aberrant epigenetic changes to the next generation is small. Sperm undergo a major transformation as they develop, morphing from a round cell, the spermatid, into the spermatozoon, a cell with an ultra-compact nucleus and a long flagellum that has lost most of its cytoplasm. Researchers have now identified a protein that is required for this transformation. The protein is involved in the assembly of sperm flagella and is also required for the proper functioning of other ciliary structures in the body.
MNS1 (meiosis-specific nuclear structure protein) was first identified as a protein that bound the nuclear membrane during meiosis in spermatocytes-hence its name. The new analysis by Jian Zhou et al. contrasts with the previous study; it shows that MNS1 is expressed at high levels in spermatids after meiosis and localizes to the flagella.
The researchers also found that male mice genetically deficient in MNS1 were infertile. These mice made many fewer sperm than wildtype mice, and the sperm they did make had abnormally short tails and were immotile. In addition, the structure of the flagellum was disrupted-the mice lacked the orderly arrangement of microtubules typical of the structure, the classic doublet of microtubules that is surrounded by a further nine doublets.
The MNS1-deficient mice also displayed phenotypes indicative of abnormal cilia function. For instance, they had abnormally large heads, which can arise from defects in the cilia that mediate the flow of cerebrospinal fluid in the brain and spinal cord. The researchers also examined the structure of cilia in the trachea and found that they were missing some of the dynein arms that connect adjacent doublet microtubules, which are essential for movement of cilia and flagella.
The mouse phenotypes were similar to those observed in people with primary ciliary dyskinesia, which afflicts about one in 16,000 people and is often associated with infertility. Some cases of the disorder can be traced to specific mutations, such as mutations in genes known to encode dynein arm components.
Exactly how MNS1 contributes to the structure of flagella and cilia remains unclear. But the protein contains coiled-coil domains known to mediate protein-protein interactions, and the protein formed filamentous structures when it was overexpressed in cell culture. New findings show how mitochondria genomes are destroyed during formation of sperm in the fruit fly Drosophila melanogaster, implicating a mitochondrial enzyme that chews up DNA.
Most eukaryotes inherit mitochondrial DNA from just one parent (usually the mother), but little is known about how these inheritance processes are enforced. In C. elegans, mitochondria and the mitochondrial DNA in the egg are destroyed through autophagy after fertilization, and there are hints that this also may occur in cattle. But some destruction mechanisms operate at the level of DNA to neuter the mitochondria without eliminating them, and these mechanisms can operate during formation of the male gamete.
Arabidopsis does it, deploying a DNA nuclease-encoded by the nucleus-to destroy mitochondrial DNA during pollen tube development. And, in mice, a tenfold reduction in paternal mitochondrial DNA occurs during spermatogenesis, leaving only a few intact organelles to be lost or destroyed after fertilization. Similar processes may be at work in human sperm, which contain only a very few mitochondrial genomes.
In a new study in Developmental Cell, Steven DeLuca and Patrick O'Farrell report that Drosophila deploys the mitochondrial endonuclease EndoG to erase mitochondrial DNA during spermatogenesis, resulting in the abrupt disappearance of this DNA from developing spermatids. They found that mutation of this endonuclease resulted in persistence of mitochondrial DNA to a later stage of sperm development. These persistent genomes were eliminated by a second, backup mechanism, which operates during the cellularization process that trims and shapes spermatid tails. During this process, nucleoids, aggregates of mitochondrial DNA, seemed to be swept into a waste compartment at the end of the sperm's tail for elimination.
The researchers now ask how widespread this mechanism may be, since numerous species produce a mitochondrial EndoG. Another open question is why uniparental inheritance of mitochondrial DNA is so common in eukaryotes. Researchers previously speculated that allowing competition between female and male mitochondria for predominance in a developing zygote sets up a bad situation. Hypothetically, dad's mitochondria might contain a mutation that allows them to divide quickly and swamp out the other gender's organelle, but what happens if that organelle also has a mutation that affects the health of the whole animal? Thus, biparental inheritance may lead to genetic conflicts-a recipe for disaster.
Apparently, the evolutionary pressure to avoid such conflict is strong, and the solution is to develop mechanisms enforcing uniparental mitochondrial inheritance. This one-two punch in flies provides a new example of a potential mechanism. DNA methylation maintains chromatin in a repressed state, thereby silencing gene expression. Methylation also imposes allele-specific expression of so-called imprinted genes. This pattern of expression is achieved by differential methylation of paternal or maternal DNA on specific non-coding sequences known as imprinting control regions (ICRs). Researchers have now found that TRIM28 (also known as KAP1 or TIF1b) plays a key role in preserving DNA methylation on ICRs shortly after fertilization; without it, early embryos show a range of developmental defects and embryonic lethality.
Shortly after fertilization, the DNA from the parental germ cells is largely stripped of its methyl marks. This erasure is a substantial part of the nuclear reprogramming process and it poises genes for expression, assuring totipotency of the early embryo. Some regions of the DNA retain their methyl marks to drive proper parent-of-originspecific gene expression at later stages of development. For instance, some genes of the imprinted H19/Igf2 locus are normally only expressed from the paternal genome (e.g., Igf2), while others are only expressed from the maternal genome (e.g., H19). Aberrant DNA methylation on this and other imprinted regions can result in changes of gene expression patterns leading to severe syndromes and cancers.
TRIM28 is a central component of a complex that regulates DNA methylation, and it is expressed at high levels in oocytes and early embryos. Messerschmidt et al. deleted Trim28 from mouse oocytes and examined the development of these embryos lacking the maternal protein contribution. Unusual for a maternal gene deletion, no effect was seen on preimplantation development; gastrulation occurred in an apparently normal fashion in many of these embryos. Yet, no fetus lacking maternal TRIM28 survived beyond birth, although transcription and translation of the paternal allele was observed beginning at the two-to four-cell stage. Even more surprising, the affected fetuses displayed highly variable phenotypes, ranging from craniofacial malformations to hemorrhage, and died at different time points of development. Such variability is unusual for a defined genetic lesion, even more so because all experiments were conducted using genetically identical mice from an inbred mouse strain.
These observations suggested that the presence of maternal TRIM28 is required during very early embryogenesis, yet resulting effects are only revealed much later in development and independent of paternal gene expression. The authors then investigated epigenetic effects in mice lacking TRIM28 in oocytes. They found DNA methylation defects at several imprinted regions, suggesting that maternal TRIM28 serves to protect site-specific methylation during reprogramming. For instance, many mutant embryos showed hypomethylation at the H19/Igf2 ICR, resulting in loss of Igf2, but increased H19 expression. Other imprinted regions were similarly affected.
The phenotypic variability of the developmental defects may result from the minute amounts of paternal TRIM28 becoming available to the embryo in individual blastomeres toward the end of the reprogramming process, enabling a random, partial rescue by preventing demethylation of yet unaffected ICRs. Further, other factors maintaining methylation patterns may still be operating in the absence of TRIM28, albeit imperfectly, which may also affect the imprinting-specific methylation regions. 
